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Title: Species-specific PCR assay for detection of Leishmania donovani in clinic:** 
samples of Kafa~sizar and Post kula-azar dermal leishmaniasis 

Field of the Invention 

The present invention generally relates to s polymerase chain reaction (PCR) assay for 
the diagnosis of leishmaniasis. More particularly, the invention provides specific 
oligonucleotide primers for the identification of Leishmania donovani parasites i>j 
clinical samples. Fimheftnime, the invention also provides methods for detection of. 
leishmaniasis using The said primers. 

Background of the invention 

Hie protozoan parasites of the genus Leishmania are the causative agents of visceral 
leishmaniasis (VLVkJko cailcd kala-azar (KA). KA is a symptomatic infection of the 
liver, spleen and bone marrow caused by organisms of Leishmania donovani complex. 
The annual incidence and prevalence of cases of visceral leishmaniasis world wide is 0.5 
million and 2.5 million respectively. Of these 90% of cases occur in India. Nepal, 
Bangladesh and .Sudan. The causative organism in the Indian subcontinent and Africa is 
L. d. donovani^ while in the Mediterranean basin and South America it is U d. infantum, 

PKDL (Posl kala-azar derma! leishmaniasis) is an unusual dermatosis that develops as a 
sequel of KA, producing gross cutaneous lesions in the fonn of hypopigrnentcd macules, 
erythema and nodules. The disease is relatively common in the Indian subcontinent and 
less frequent in East Africa, but exceptional in the American and European* continents. 
Detection and characterisation of Leishmania from patients of both KA ajid PKDL is 
important for deciding treatment regimens as well as for understanding The disease 
epidemiology'. 

Current diagnostic methods based on parasite detection (stained smears, culture and 
histopathology) m& hnimmplogicai medaods (DAT, ELISA etc.) have several limitations 
including low sensitivity and specificity. Procedures for demonstration of the parasite \v 
spleen or bone marrow- in KA and in skin lesions in PKDL are invasive and often not 
sensitive enough, immunological methods fail to distinguish between past and present 
infections and are not reliable in case of immune-compromised paiients. Furthermore, 
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both of these methods do not address the problem of species LdcntificatioiL which is 
important to determine appropriate treatment regimens and designing control measures. 
Procedures involving the use of monoclonal antibodies, isoenzyme and :-:chr/oiiem*r 
analysis and DNA hybridisation have to be resorted to. Most of these procedures are 
tedious and require massive cultures of pfirasites. There is, therefore, an urgent need to 
develop diagnostic procedures that are simple, sensitive and specific. 

In recent years PCR based diagnostic methods have been described for leishmaniasis, 
with a wide range of sensitivity and specificity. An excellent target for a sensitive and 
rapid detection method is: the kinetoplast imni-circle DNA, which are present at 
thousands of copies per cell. The mini -circles have been used as targets for selective 
Q amplification of parasite DNA iu various studies [Aviles, H., A. Belli. R. Anrnjos, F.P. 
% Monroy, and B. Karris, J. P;uasitoU999, S5:1S 1-187: Bhattacharya R., K. Das , S. Sen . 
P S. Roy, and H. K. Majumder. 1994 Microbiol Utt 135:195-200; Nuzum, F... F. Whits 
J3 01, C. Thakur, R. Dictzc, J. Wages. M. GrogL and J. Berroan. 1 995 J. Inf: Dis.1 7 1 : 75 S - 
f 754; Rodgers M. R. Popper S! J., and Wirth D. F. 1990. Exp. Parasitol. 71: 267-275; 
S3 Smyth. A. J., A. Ghosh, Md. Q. Hassan. D. Basil* M. H. L. De Bniijn, S. Adhya, K. Hi. 

1*5 3 

m Mallik. aiidD. C. Barker. 19*52, Parasitol 105: 183-192.] 



Wirth and Pratt (Proc Nat] Acad Sci U S A. 79:6999-7003 (1982) have described a 
hybridization assay tor the detection of Leislimania parasites using probes to parasite 
kinetonlasl DNA. This assay detects parasites in cutaneous lesions ai.a sensitivity level 
of 1,000-10,000 parasiies per biopsy specimen. The specimens are collected by touch- 
blotting of nitrocellulose sheets over a small area of infected skin. However, this method 
is not sensitive enough to detect small numbers of parasites and relies on probes thai 
have to be puri&ed from die parasites themselves. This requires growth of these 
organisms in large quantities in the laboratory. 

A more sensitive assay has been sought for Leishraania parasites which will he sensitive, 
specific, and thus b« usftiUE in early diagnosis of infection, will identify the species of 
parasites more likely to induce severe disease, and aid evaluation of chemotherapy and 
screening of blood ba-ik samples. 
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Urania paraJs and ^fccac sequence to develop ho«M 

! 0 ;UgJattcleaiidc pitacri .^hjtfe esto^iy. *afcfcve «u^=«api*te br defecting 

,7°. ' W ': •' ' • '//■'}■ ]\- . ;. . ' ;V / ■ ;•• 

".' Wmanvqbjeet of the:inventfon is to prbvidp Wyol specif specific a^:Wg&ty . 
• : G^mskve oUgdm.clwtirie prime* fi>r deiefiluni *if Ibkttiii^d paiia^ ftt . .. 

saxcplftR nf* patients. : *' ? 

"•' • " 1 • '. ' i. '•.'■-! "• •.' : ■ : : : ' 

: : Another object of the feventfemfbi <j?*Pf^^»^:^>^ , " s "i ' ' . 

• Yet another 1 object o*i» Wfefeftfc ^wH^I™^!^ ^ 0li * f l* 8 **^ 31 
■ parasites in i 



Still anoiep object is to p^yj^ an,;4ssoy : *&iea ^(hi^y.sp»>^«. - 
: for the detenu y ; ; ' -.I; . " ; ". • 

':• i ^o.invdiU p^^^^iftf.^ p^>^ucai;; . :. 



• cultures and ai^iq^ «.$ raescjeiqea ^ "w^wr^.TT^. .. • : . . • 
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indicated fflnoum . of total &^ : fim% *a^#< !pfifii:tte SeFtppdyct Was protak£ 
villi ourasUe kPNA and exposed for about one.fcdui;. •Lane 4:' represents PCR reaction - 
containing only human DNA fW a^coitfol. 

Fig.' 3. ; Araphfioatiofc of ■ p^Av.fr^'y*nous. strains and iwjlates ;0f. ' . ' 

Leishrhtinid, Ifcg t)'NA : iiojaten- i^'ip-ara^eiufe wis ,«(&jecled to PCR and ; 

UCB8;Jam.4>;^ 7 ,(£KI>L origin); iiinc ;6. v 

Z,; dunvvuni tot* 7, I. i&Wva*< : WR^ ihn^^^infiaU^, lau<>9> £. 

irumca WR683; )ftae : 10, i. m$Qr.LW£% lanie..M; 1 laddiar, lauci 1, Plasmodium', 

' ■ . 1 •••••• " .*' ^ •••« -v * . : • !■•! • «j 

lane 12, jltt fc^ritf?; lime. 1 3f , ft£ tub^iutosis. •. : . 8 ; : ! 

Fig. 41 DNAiiHvipljfe^ and PJEDL. 1 ng-DNAv «:'.. , 

extracted frnnj a «i^lwH> ^^ite^isola^ vi>er&j^W; , fpir PCI*. ; ^iri|dificitiGil* LanteMi . 



kb ladder; |^|^-li;^,K^£I? 3. jl^«L-3S 4j JC>i^H ^-t^t* ^"^^e" 1 "* STJPK^Si "^l? 1 ^^. . - - ' "2 

^pk^; ifcPK-sru^ • 

J 3 . Fig. 5, ICR t^say;. witb p^^^an^l^s.Qf K^k tfndj |5CDL t ^DO/jOg ,of;DNA/ .; - 4 • 

W KA Bone manpw; lim^ 2. KA Bloodi lane $;Bitt^-tilbo4; ;i^e. 4 t t?*^^<^-'-' 5 

f 3 Wood; tone 5;Btoo4 t"K?m wdpm^ c*ilrip1; $^f**V$m'i *Mn:lp*ibn; taie7, I^raSy,;. r . . . 



lesion. ' 1 ■ •: : £1/*. 



Pic. Seftufcnce o£.P<SR product withDiN^^^ filndpi 
• ja^l ^Kn^-SjMtow^ fK^':;i^ : p^ticte^ wrth DNA, 

isolated fttjiii ji; ^^vwrf'll^ stain, PKDL patients (2 ! " 

each) tind ciK|^}n^ oT-^ f >|c^/ a^.jp^^;feiite> ^ere subjected Jo. . " 

tiequGaoe analysis. l<M^ti^al j^uw^.of jP?. ^bf^^ ***** 

matchei.exac4y the |ppL^^]^»^: ^evq^^rt^L! ^f^:7.^^^|^i lei W minicircte segment ijrt . ■; 
.DD8;>1igto of t ^^i^<<^ ' 



tndic3|«liiibc(ld. 



•i , 
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Detailed dekrjq^ 

Accordingly, ^.myeatifoai provjdfi noyej ligomiclcbtidc primers wfvich arc us<?ful.fbr 
the detection of ^isWflaiial ! paraisites ui ^ikc^ selmpl^ Hie primers aro species , 
sprcifica^iiVtte^ 

. . : '•«'.•..' . I :\. v ;.. ' :*}! V ■« : !r . i 

GpTAC ACT^^ " ■ ! 'l9^w^desi^ac*d r ¥ till prtrriws" or ; . 

SEQ JD Np$, I arid 2 lE^K^Uwfy Thi^ prUi^ apalysis 
of the :792 bi? ; ; L kpH^anir ldrictop ! k(st . ^idifelc sequence, . dcp^rilcd . at 
w^^ib : njm.mh7eov/^cd>^ r at •^fl^a^.^ > '1£ll^L: ! the- web: provides , 
mpro than- 2^5 erfttias.l^teid^ dl#£?wfcfch!h^ by thi* 

Appltqan^; Ti i* after sifch detiofcd . a^aly^? I^ 1 ft^ ' p^*** bf the invention .Were 



f,i The primere iU^Uied. »« il^p^seht: invemkjn biye been characteria^d from tte ?92 

ik* bp' L ] di/nevuni kint^uplas* :-. ! .-}Ei^«^c4fl^C! ; !b^p9Uptt' : "• tfi^ftfititod - at ;- . 

1= . \yym:ncil^oltH.^iH < '^ov/^{aibaiik . k : A6geaaiian . Np> VI 1401. :.Thg:primciA <:ah bis - . 

»_ . artificially' s>ij&*«fcfieid. hy.'«^ &«5<*ti ^.M^i^j^njfiB -ekill- in'jtfce .art^y ;.uw». 



' said- ApRltatf-siflPW^^ : 
■ ettuHftl sJwjii^ '^a^l^^ j'^^Pq? n>!N6-l 

• ^d-SEQlD ' 

v^erft ported iii^ : iajijpj^ 



' . THU$, t^tc iivtn^ep ^ pa tildes a-P<^El 'p^iKSi | ;srt^|odfi|c* fbr /Wd '* 

. j?i|qi6r s^ bpn^i(lLa J^j%(rtf '* 
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patients. infected by leishmaniasis. Tho pitoor M is o jSn^ poiirlof oligonucleotides. ; 
SEQ p No 1 is S\ ^TOa<^tCG^^!^M^y ™£ SEQ ID No. 2 is 
: J'-XKjTAC^VCTCT ATCAGTAGCAC'3 * 

Further; the myeiorion provides a raejhpd. .of . d&ectingE ;0fer prc^ncp uf Ltishwuniu : 
': dpnovanl in a sample ftoin a parent 'swi&i ^fpl^i^naiiiaais, said merthod 

. comprising the steps of; 
'. 1) providing a saropfc fi4m the patient si^ectcd of being infected wim lchhtnan)a : 

* ; 2) isokting and\.purif^^ 

3) fonning a polymerase chsm reaction solutron..c«i3ta^mg.at least a portion of 
nucleic acids trorri atejp (h), a P(CR ip^cr se^confiis^;0f SEplD Nos. 1 and 2, a 
miiture'.oC huelisosid.e jttijjhosphate moBQmefc&i and ^ieitfyme Tag polymerase in; 
a buffered solution; f ' • 

4) oBcrynng iiut a po&mciase chain reaction dn.the PCR reaction solution to simplify 

! ' . • $) analysing the. Le&hMaiia AmbW^pecific nuclei© acidsi obtained in. the- 
' p^lymeri** 
• I - , resulting geU: j : . 

i therein • the; preface of, a. band at, about j50$fbp fa radiative, of the presence of 

h ( this racrthbd, the sample is obtained j fipm ; ppriptobl bipod or skin lesions of tks. 
•: .p^eifcTbi'.ny^ 

purify them, The Pjrimsrt !«f the invention -are -sea^^ro . as . to detect *vn 10 fg 
i . ! Loishmt^iap^A dilutedjin Iftmillfto Jfcid «t^s of. tymgn TINA in PCR reactions. 
'■ *' :! The Pt:^ reactibh is peifonne^in a ihertnal cyder cweOa«f; with, mteial- oft; 




in the! said me?ta>a..ifce s_M?p» of .^rdr^ fl^^ 

rt^wubpiise^ ira^iaJt: d^a|.uWtioit ^94°C f^.-2/i^^11p^-by cycfes. of 
dcnst^ionat^Clbr 1 roi^i^atog st 4^ *£.ljf"j(» S 8 * ^J^;*? 2 ?? 
• 2 min, tpid-a final etoenaipn at 72°Q <?««*l ?"t ffcrjlink tnuttiple copies of 
<^«o^ . 
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In addition, the nivontidni prbvides a.lcit .foT ^e^^Leisl^onia. douayam ui a. 
anmpl^ oojnpjifiiQg oligonucleotide primes* ^herein the prints cotnprjRe SKQID 
No 1 f&A S5BQ .IB .No ^ and wherew th©^ *? said 

Leishvumia ifanpvatti. 



K 
•S3. 

IU 



HJ 



As said carfiw, mc objertlve oCtbeinvBfiaoFii? tu Ot^^^of P PR prirocra baspd oa 
kDNA seiiueoi^ 'wttch irflqwf :a aroslliwi^' $p^^;;dej^on .of X,; donoyanl 
Towarfa this end,; the Appfcoant <ina$^.kDjNA ; ^''oin^.sein^aM^ fiw i>: 
donovam Dt>8 strain j>f Iodita^n^ta. and deeped ^^oiigij^lfio^imrtittrs lJ^ showed 
lock qf croas-reactivity ^ffi ; <n£jiiuW;i*)^^ Tftq 
sensitivity and jefifefifiVenesa pfttie HC^'fia^dd^ottlsj^Emi was seen in its ability to. 
amplify ij^NAi fragments torn as Uflfeias il&^A*£fc'<(toHp^ l) : . .Wl«ai a»o. 
amplication, prepcsnies. of 'SffHe were whnjjiiwd wijh jjffc. sjieci %ity and spnaitiyity of 
SouthjSnybasisd DNA by^id)&tioni : ld^NA;fei^!i^ ;^>^ f^;' < * ot *? tc ^_ 
^eiat^iiiciiu.dia p^MitfttpNA ae«ji*^i^?4n; ^C^. ri^iftpiis j^fi^imiijB ^ |»ttlo.aa .10 

fg of Leisfanania 11NA diluted in IQ nii&Wjtt>ld , wc^.of ^iuiBHijipNA (Fig 2).- 

• . • • : •. ••..!:■.;•?.'■•* ::.j;\.v •..•"•:*■' • ■ : ' 

Inui3liy,.tne pHmsfsWere evaltatetf with;Va4#?8!a^ Bqth 
sh^.of Xj'<to^^i of Inflian origin, (&..i^8.aodA^ ra PCR. 

bs di4%,tnn»jsqia^!8 ^I^^^m^^gi, lans&i & tW^Sc IhrU i#iktw l»fc£ 
tfonojlMiH^iw^ <^»if|' : p^^Sts oif ^^•.^^6 -^d^ih^ft^ vd= ini 

the Parasite feaqk UfoCfl, Cttc^ 

. Sudfja and'EpjIopt^aV '^oli.' as £ ^^W^VW^^W* P^^^^^^P^iNfftp P ^ R ' \ 
thougj* tne^a^ds. we*e -i?f i^fican^ fpjj* 6-% -DljlA from. I ■ 

major and J./,p®t»& ^a* ^pt ;an^lififed ^pap^ag, jljjj; ^^jj»#fjcif^ . of printers 
(lanes 9 arid iq). £pjpi!es4i^fi>^ ^ tt"**!^ 0 ^^ since the 

use of UT$A up'to--I^'-fifetl^ ^ijiajgr.^v^-^^ of\r>. 

tropica &e&&s$ in jnajen^;*»3^ Siecifoity. of 

\ the pjun^ wa^alpp ^uj^jusiiig EHPjfc|lt!*ig| '^jii^^iii^ ceiisati vo of the 

•i .poniwon'^ci^MS :^o»#a:. ;^e^t- h^fc^ :su^|a ^mo^i^ Mi^yemm . 
leprqe % Mjcobfli^riarn itw6^wU/«sjfs,. theie S^fi'.npi a^^ation.:. : wi^h- DNA;ftom:apy of 
n>e86':Oie^^u^.1^imn^'ofth^|n¥?^ ' 
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Tn order to establish me clinical utility of the-SBsay^PC^ amplification was evaluated. : 
wifli DMA frpm several recent isolates ofthe.paiasi^ Parasite ;cu.ttures. were set up from 
' bone marrow, aspirates; of : j&ve i^.pa^nter&at re^rtai to Sp over last .two years. 
: (designated K^ l -k AS . pttA isolated frWeach of these cutaiies was observed to be 
J : aliiplif^nbb :?€^-*4A«^-<|^B'^r J^I^L ^^i> : Thfe *ss^ ^^fcjrffrje whit ariwmber i 
ofcuhures isolated ^mld^al:le^ons*fP^ ^nts ^l to; J^C5) (Fig, 4, lanes ■ 
6-ip) while the parasfte qulture isblated fom a.-pjati^ of cutaneous leishmaniasis , 

hafling from r A^S^I^f^R^Bf^iP-!^- W^ifi<??^<?» Pfv^¥ -^ r _^ 10 
; Sensitivity pf toe WayJ with the .iso^es^* ;KA ! andjP£i>k w^ lfoupd^p be t fgof total 

g £\ c iinical : study was iu^ertaken: with Indian pafiente of. both KA and PKDL using 

1 PGR based: on Ld 1 primers. Tb<? ^Rajjfsa^was ; ^ah^d ^;cl^al samples from . 
i ijv and PKDt '^«wl??^:^$^^R#^5^ EC^:ai^is:of;representatwe 1 

sample froiu ea^K bf^t hiateri^s » ^, b<%; ^awowf =whole; blood from KA ; 
patient bipod ffojii m;ajatia i atid! ^er^^ste -p^eiitsv hlo^d; .from ^ademic control^ ; 
; &ih lesion: froav P^t a^i leprosy p&tiehts;is iio%Li^frg^/ : k&iy rsarnpJes {pom U 
.bone-ma^w*^ 

. • positive QBjfc )! '.Rest of pkjm^_ ^J^ve;{Fig. 5 j lanes 3-5, • 

/• ^t\vh^-^ie^e^ Showed thai the: 

•1 prWersipujd: 

.: ■ ■ stable 4 feSulJS'W^ gained ^ ; PG^i^ il^NA; exacted by phenol; 

• •;. chlorpfo|ni>nei^ $ '^hip;^ • 

■•: ' ••nialariaife^ ' 
■'. of the 2ft'enden^ ; c^ 

PK^ : c^es\f^/48^ 
I- ^egWive.^ 

product^ 

' /.^.^.^^i^i^at^ ^^=^p||^^^^ ;^sequ>noe , of Jfce; ; 
• . .prpaWs;*i;id^ jpmyani^^ • . 
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TABLE U Resuit$ of PGR aas^y in KAand-i^ 



w ■ 



■we- I 

■4- 

o 
ru 





:-Totel 


Positive * 

Vli0V9 • • • • 


%Pbsitive ; . ;' 




CIS ^ • 




rod ; ' 


KA Wood 






96 




1.5 ; ; 




' ;. Q. • 


TR hlnod- ■ 


IS ' •" ' ! 




' •! In ••• 


Endemic to^ittol& 


20 


2 




PKDL lesions; 


48 


45 , 


i93.8 ; . 






o i 




NormjU . tifsue from 


. ii9 / 


o - 





The invention ^te^mb^d i|i ^dfetail : -fa^^er-jai^ 'this ^|=deMripti0ft• staultf not be 

eofrstru^ ias a; :\\ '■ ; v; .. 

Sitf<i#j^ % ; I&Ite":^ indi^dej^ ini the kuiy; at the v ; ; 

presentment syniptd^:6f iKA such. 



■ ■ where • %e-; : 4i : ^o : &iis : : of KA- w^s- confito^ ;pajSas|taS : .in bone . 

: marrow ;aspir$es: Blood -tak^n fran - alii 51 ^tidatsi Ip addition, bone marrow 

samples w^re bbte*^ saj^Ws . We^re kls'p takpn from 

a tptal of .48 PKD^ 

: . bejrmatdlpgy .E><^^ S3H jii^s^ J^e^f-.- 

• th«e repi^^M of KA s&?^6$& SJi£ 'time- v; 



Climcai jdiagnp^m; ^ 
indurate | ^eas^ pja^o^ a^j : : hy^6chiroiin .^V : i^0liM|;:iR';. a' :bi| iteril 1 ^iiSi^butk^.:^;. ; 
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The remaining 1 2 patients vhad a predominantly itiaciilar presentation, most pr thera 
being tfie. subject of a recent study. Slit skin smears stained by Qjemsa were {positive 
in only 10 caises. Histopathoiogicil findings oh skin biopsies were similar to those 
; rtjport^d earlier . Tfcie derinis showed a diffuse jngltr^p^^ 

; and plasma cells, :;Ali patients ; r^^ntfecj Well:; ; >Vi.th solium antimony 
• glucofiat^ The control grbup patient^ cases, of malaria, 

pulhroh^ tuberculosis and le^rpmatpua '•• leprosy 

volur^teers r li^tig in raderoic area (such as MuzafJarpur^ Bihar of India) were a&P 
.; inclined pthe'<diitml* 

Piarasite?:: Ten reference .^ra originatrng frdrn :disii#ct, 

; geojgr^h^c Rations wert 1 used ; i^ thfr^ L. dqnpyakjt I>D8: 

..I-:' frdm Incga^; £. \ dSt&yc&iS^ 
I tadija, .£.;>ir^ 684: r 

■; Spain,: Aj*^ 

: 664 (1^0i^Sy/74/K27). frPm Soviet ; tinipii, & major WR6S2 
W ii (MHOM^ : 1I/WR662) • #6ihr -j :.~feaeij- •; - \ major : \ LV39 

\j ■ ; .(M3Epp^y/5^ 'from < .Spyi#f : ^(to 0 ' rnwjpr^- ASJ^H 

: ; (M£JQ^ : p^|on^4Jl : ^thesie.; strains ..;a^- deposited -jar : • : 

Moii^Uier ' : tta^^^didaf 11 ': CfjisGfl^ai^ 1 ^Fi^ce.';^ Thiee ;iso]aiis , of - l 7 dbnovtint ■ 
i ; : (NEj^^ and ^^^^/^^^)\ weref k*n<fjy 

: proVi^jjby : pfc- J#/sWte£, liGB^! C^outta^; hidx£ l^^^^faiiis were feolat^d from, 
i , patietrf$;.<)f • VL ;(fl^6: ajad Ij^ from; Bihar; Indi? 

and cfcai^ I- dj&oyanUfim^ : c f*^f * n Q ^ r 

laboratory ;*;pver la&two ysars froWi {>atient& pt^L jtyi ?%PP, t^V^S '*? .4f -i 
: parasitfe icutti^r^ ^ere: set ^up/^d^p.n^^^d; -in|:Me^^i; -.l s ?9/ ^pi^««^d wit^ : 
' 25ra^riE^Spip.5 and 10%'feftaj calf ;^ha&^^ ■ 
phase, wished in pljiospiteteb^^ ' 

. Sample collection and DISA;:is^ li^i^pings. w^,' ; 

collect^ 

was dolje^ted in hepqririis^;%!?s^ Samples V^ere? - tiio^pbifda^" h> ?the iai^pr^tory 4 ,;at 
; a^rnbi^nt t^nperaiupe, except fpir Wcipd c^ll^^ : in:ehdi^ which.casj& diby w?r^ 



o 



•CI" 
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brought on ice. Samples were transferred to 4°C and generally processed on the-, same 
day. Blood (0.2n>l to I ml) was treated with RBC lysis buffer (] 14mMSodium phosphate 
pHS.O, ImM NiUCJ) and the buffycoat isolated. DNA from parasite cultures as well :i< 
from clinical samples (Sldn scrapings, bone marrow or blood) was Isolated by 
overnight lysis NET -buffer with lOOp^ml of Proteinase-K and ]% SDS. DNA was 
extracted by phcrjol-chiorofonii extraction and ediauol precipitation, In a few samples 
DNA was isolated from 0.2ml blood using Ql A amp DNA blood minikix (QIAGEN) in 
order to deieonine if this method provided any advantage over the phenol. chloroform 
method for DMA. extraction. 



ju Oligonucleotide primers: The 792 bp /... donovani kinetoplasi minicircle sequence 

« (Accession no. Y 11 401} was analyzed using PC-Gene software programme and 

W appropriate pruners were identified.. The two primers tilled were; 5* - 

fr* AAATCGGC1XXXSAGGCGGGAAAC-3* (SEQ ID No. 1) and 5A 

Hi GGTACACTCTATCAGTAGCAC-3' {SEQ 1I> No. 2), together designated as Ldl 

* primers. These were synthesized using an Applied Biosystems DNA/RN A synthesizer 

PJ model 394. The. Ldl primers amplify a fragment of approximately 600 bp that L<K«eea 

¥~ % on the gels. 

PCR ampUfieario*: DNA from cultured parasites (lug) and from clinical samples 
(lOOng) was eaten for amplification using the Ldl primers described above. Reaction 
mixture (50uU contained lOmM Tris-HCl, pH 8.3, 50mM KC1, 1.5mM MgCb, 
200pM of each dctJ*ymicleoside triphosphate, 50ng of each primer, and 1.25 lhu*?; of 
Taq DNA polymerase (Gihco BRL). Each reaction was overlaid with mineral oil <md 
amplification : was performed in a thermalcycler (Perkin Elmer) programmed for 44) 
cycles of denaiuration at 94° C for 1 min, annealing at 45°C for 1 rain and extension ai 
72°C for 2 mux preceded by an initial denaturation 2 min at 94°C. Final extension was 
for 3 min at ?2*C Products were analysed by electrophoresis in 1% agarose gei 
containing 0.5j4.g. y znt etliidiym bromide, in TA.E buffer and photographed under tJV 
illumination. 



Southern Blot analysts: PCR products were analyzed in 1% agarose gel uiid 
Southern blot analysis was done as described in Joslii M ct h\ ? MoL Bioehem. 
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Parasitol, J 993, 5S: 345-354. Southern blots were hybridized with 3 "P labeled cloned 
Leishmania dcnovxni kDNA fragment using ihe conditions described in joslu M a al. 
Mol. Biochem. Parasitol, 1993, 5S: 345-354. 

Sequencing reactkra: The PCR amplification products from culture isolates and 
clinical samples of KA and PKDL were cloned into pGEMT-Easy vector system 
(Promega). DNA sequence was performed with the AB[ PRISM Dye Terminator 
Cycie sequencing kit and au ABI PRISM automated sequencer, Model 377 (Perkin 
Elmer, Warrington^ Great Britain), Briefly, the sequencing reaction mixture contained 
terminator ready reaction mix, DNA template, pnmer and 5% DMSO 
(dimethylsulphoxide). DMSO was added to keep the DNA template denatured since 
Leishmania DNA has a high GC content. The PCR reaction was canted out in DNA 
Thermal cycler Model 480, The PCR reaction conditions were followed as per the: 
Perkin-elmer analytical manual. Sequencer were assembled and edited in. the 
Sequencher software (Gene Codes Corporation, Ann Arbor, Mi) and analysed with 
Mac Vector DNA -and protein sequence analysis software (Genetics Computer Group 
Inc., Madison^ Wi). 

Observation: The PCR products amplified from the clinical samples of.KA & PKDL 
showed identical nucleotide sequence as ifte cultured parasites. This confirmed 
presence aiLoiskmania donovani parasites in the sample. 

Using the above method, the Applicant has developed a PCR assay that is species- 
specific for L ikuwvaai kDNA among the Old World Leishmamas artd can detect the 
parasite in a highly sensitive manner in clinical samples of Indian patients of both KA 
and PKDL. The assay could detect as little as 1 ig of parasite DNA from Tndian sauins of 
L. donovanU an airrouni that represents the equivalent of approximately 0.1 parasite. 
DNA from several parasite isolates obtained from patients of KA as well as PKDL 
originating from the endemic region in India was found to be amplified with equal, 
sensitivity- Therefore the assay is theoretically capable of detecting a single parasite 
in a biologicul sample, I he extreme sensitivity of the detection system was evideni by. 
its ability to amptiiy parasite DNA from peripheral blood of KA patients and derma* 
lesions of PKDL in a large majority of cases. 

A total of 107 clmical samples from leishmaniasis patienis were examined and 95% 
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tested positive in PCR. The PCR described in tliis invention yielded a unique product 
of 600bp and no nou-specific side product or artifacts appeared on Ike gei. It has ihe 
advantage that results were easily and unequivocally interpreted upon analysis on 
agarose gels. The high level of sensitivity was reflected by the ability of the assay co 
detect parasite DMA in peripheral blood of KA paiients with 96% swisitivity m the 51 
cases .examined. Use of peripheral blood is advantageous because the collection 
procedure is. less invasive arid safer than the splenic or bone manrow biopsy specimen 
collection. In earlier studies for diagnosis o f VL due to L. danovani, ihe sensitivity of 
PCR for blood saiaplus has been found to be in the range of 45-94% based on smaller 
sample size ranging from 1*7 to 42. [Acjhya, S,, M. Chatterjee, et ai Trans, R. Soe. 
Troo. Med. Hyg. 1995: S9: 622-624, Andresen, K., S. Gasini, A. M\ el ai 1M97, 2: 

O 440-444; Kafcikunt,- K.. S. L Kawazu. T. Naya, et al 1998. S. Clin. Microbiol. 

.« 

|j 36:2173-2177; Nusauni, E., R White III; et al. I Inf. Dis. 171: 751-754; Osman. O.F., I- 

J 1 Oskam, et al ?. Gin. Microbiol. 1997, 35:2454-2457; +++Singh N M. D. Curran, ot 

ijpi • • • 

Q3 al Trop.Med& Titt. Mealth.1999, 4:448-453; Smyth, A. J., A. Ghosh, et ai 1992. 

!*" Parasitol 105: 183-192.] 

w 

hi * 

PJ For detection of VL due to'/., infantum, which may have a different pathogenesis. 

r j sensitivities between 64-97% have been reported with blood samples [Lachaurf, L. v 

J Dereure, et al 2000. J. Clin. Microbiol. 38:236-240; Mathis, A., and P. Deploy. 1995. 

.1. Clin. Microbiol. 153:1145-11 49; 

Ntizum, E., F. White 111, ct al 1995, 1 Inf. Dis.171: 751-754]. The sensiiiviiy of 
detection was cent percent in the limited number of bone marrow samples thai wo 
examined. Bone marrow is known to have a high load of parasites while in peripheral 
blood the parasites arc relatively scarce. Studies reporting PCR with de&cuon 
sensitivity comparable to ours (less than a single parasite) did not obtain sensitivity as 
high as. our assay when using blood samples of KA patients [Katatura. et al 1998. J. 
Clin. Microbiol. 3^:2173-2177; Smyth, A. j/, A. Ghosh et al 1 992 -Parasitol 205: 18> 
192]. 

With clinical samples the sensitivity in practice may be affected by factors &jch as 
accessibility of the DNA in parasite containing biopsy samples and the conditions 
used in the PCR amplification 

DNA isolated , froth the pathogens causative of common co-endemic diseases (>/. 

13 
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leprae, M\ tuberculosis and Plasmodium) was not amplified. Blood from mal-irks arid 
Tuberculosis patients were PCR negative in ail cases (30/30) while two of the endemic 
controls were PCR positive, giving an overall, specificity of 96% in the control blood 
samples examined. The two positive endemic controls were relatives of KA patients 
and possibly asyjnpiomalic carriers since both cases reacted positive in ELISA. with 
recombinant antigen k30 and in dipstick test using immunochromutographic strips 
coated with rfc3*> iuitigen (Salotra and Srcenivas, unpublished data), rests reported to 
be specific lb: KA. [Singh, 3., A. G. Sachs, et at 1995 J. Parasite! 81:1000-1003; 
Smyth, A. J., A. Ghosh, etal 1992. Parasito! 105: 183rJ92: Sundar, S., 5. G. Reed, et ai 
1998. Lancet 351:563-565]. A recent study has reported 3 PCR assay that could often, 
detect parasitemia a few weeks before the appearance of any clinical .signs or 
ij symptoms [Uchaiid', L., J- Doreure, et ai 2000. J. Clin. Microbiol. 38:236-240], 



igi In India, 10-20 percent of patients apparently cured of KA develop PKDL. As there is no 



known animal reservoir in India, PKDL patients are considered an important source of 
42 transmission in recent epidemics of KA in jnpia. The disease is easily confused with a 

p number of skin disorders primarily leprosy due to similarities in flic clinical presentation, 

J* therefore a high level of .clinical expertise in needed lo diagnose PKDL. Detection of LP 

^4 bodies in skin, lesions by microscopy gives positive result in only about 5S% cases as 

ri ■ . 

[51 parasites ure seamy. Early recognition . and treatment of PKDL would contribute 

significantly to the control of KA, as cases of PKDL constitute a reservoir for 
Leishmania parasite. The present assay validated in a large number of cases, provi ded a 
highly sensitive method for dragnosis of PKDL. The sensitivity of the assay was 93 
for PKDL which is significantly higher than reported (82.7%) in a recent study with 32 
PKDL patients in Sudan.. Specificity of the test was 100% as all oi: the control tissues 
examined (32 Isprosy Lesions and 19 dermal samples from normal regions of the skin of 
PKDL patients) reacted negative. 

Species-specificity of the assay was carefully evaluated taking DNA. from different, 
strains and species cf Old World Leishrnania. The assay was found to be positive with, 
several WHO.rcffercnec strains of L donaveni originating from distinct geographical 
regions. L. donowmi from Ethiopia and Sudan and L. d infantum from Spain gave- 
PCK products of identical size but of comparatively lower intensity probably due to 
lower copy number of the target kDNA sequence. Variations. among L d t donovani. 
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Strains from dinarem geographic regions, have also been detected by RAPD-PCR 
and AP-PCR analysis. The primes were found to be species-specifit for /„ rianovwu 
as DNA from two other Lciahmania species examined major and iropa'a) was 
not amplified. One clinical isolate of tropica from a cutaneous leishmaniasis patient 
was also negative white several clinical isolates of KA and P'KDL were alt positive. 
The PCR products amplified from clinical samples of KA and PKDT. showed 
identical nucleoside sequence as the cultured parasites. 

The PCR provides u useful tool for simultaneous typing of parasites while Hie diagnosis 
is performed in clinical samples. Such a Lool is necessary lo complement diagnostic 
assays since moai of them do not furnish the taxonomic information aboul the parasite 
p required to determine the appropriate therapeutic regimens and control measures Early 

H detection and simultaneous tvping would enable implementation of specific h ea:mem to 

61 patients. Leishrnmiu is increasingly recognized as an opportunistic pathogen during eo- 

|i infection with HAY. Since incidence of HIV infection is on the increase in India, cases of 

• co-infection with leb:hmania are likely to present in future. In such eases immunological 

il 

O tests have particularly low sensitivity and the assay would provide a rapid detocuon as 

ru 

Hj well as species idenntseation of Lebhmania. 

: M . 
P 

ifU Since this .method is rapid and reproducible, the Applicant believes that it can be used for 

She reliable identification and characterization of cultured parasites. Another potential 
value of the test cap. be in detecting and typing parasites in vectors far epidemiological 
surveys and in retrospective studies of archival material. 

The identification of conserved sequence elements represented within the kONA of a 
given species of Labkmania would allow design of oligonucleotide primers to be used 
for species-specific identification of parasite in clinical samples. The Applicant lias 
analyzed kD'MA sequences from Old World Leishmanias and designed primers specific 
for L. donovwn species to deject IcDN A from a single parasite in presence of huge excess 
of human DNA. The utility of the primers designed for L doriovam had been examined 
in clinical samples from KA endPKDL patients in India. The PCR test was found to be 
sensitive enough tp detect parasite DNA. from peripheral blood of KA patients and IVom 
skin lesions of PKDL parients. Furthermore, the test was specific for L ihnavaw species 
of the parasite leading to simultaneous species identification of the parasite. 

1* 



